Objective: To use hospital admissions data to investigate trends in maltreatment among Northern Territory Aboriginal and non-Aboriginal children.
Results: From 1 January 1999 to 31 December 2010, the average annual rates of hospital admission of NT Aboriginal and non-Aboriginal children with a defi nitive code of maltreatment were 8.8 (95% CI, 7.4-10.2) and 0.91 (95% CI, 0.59-1. 22) per 10 000 children, respectively. There was no evidence for change over time in either population. The corresponding rates of admission with a code indicative of maltreatment were 28.4 (95% CI, 25.8-31.1) and 5.2 (95% CI, 4.4-6.0) per 10 000 children, with average annual increases of 3% (incidence rate ratio [IRR], 1.03; 95% CI, 1.00-1.07) and 4% (IRR, 1.04; 95% CI, 0.96-1.11). Physical abuse was the prominent type of maltreatment-related admission in both populations. There were increases in rates of admission for older Aboriginal children (13-17 years) and older non-Aboriginal boys. Most perpetrators in the assault of younger children were family members, while among older children most were not specifi ed.
Conclusion:
Our study shows the utility of hospital admissions for population surveillance of child maltreatment. The relatively stable rate of maltreatmentrelated hospital admissions among NT Aboriginal children shown here is in contrast to substantial increases reported from child protection data. The results also highlight the overlap between violence within families and in the wider community, particularly for older children, and lends support for population-level interventions to protect vulnerable children.
C
hild maltreatment statistics are routinely reported by child protection services in all Australian jurisdictions. 1 There are well documented variations in both the rates and trends of these statistics among states and territories. In the 6 years from 2004-05 to 2009-10, notifi cations of possible maltreatment increased fourfold in Western Australia but halved in Queensland. For the same period, the number of substantiated cases halved in the Australian Capital Territory but increased threefold in the Northern Territory. 1 Explanations for the variation both within and between jurisdictions include: varying mandatory reporting requirements; changes in the threshold for documenting reports; changes in defi nitions; and changes in policy and service capacity. 2 Rates also vary between countries. The rate for Australian children subject to substantiated maltreatment was 6.1 per 1000 in 2009-10, 1 compared with 14.2 per 1000 in Canada in 2008 3 and 3.6 per 1000 children in England in 2009-10. 4 Improved understanding of variations in child maltreatment rates is important in informing the rational development of services and has led to efforts to expand the sources of information used for child maltreatment surveillance. One possible source is hospital inpatient data.
Details of hospital admissions are coded by trained administrative staff using the International Classifi cation of Diseases, which includes version 9, clinical modifi cation (ICD-9-CM) and version 10, Australian modifi cation (ICD-10-AM). 5,6 5,6 The classifi cation system includes codes for specifi c diagnoses and for cause of injury, including whether an injury was intentional. There are also codes for child maltreatment. A recent review of 47 international studies assessed the utility of hospital codes for reporting injury-related child maltreatment. 7 The authors were guarded in their recommendation for the general use of hospital admissions data for reporting child maltreatment, concluding that the primary benefi t was to identify "selected diagnoses" and patterns of child abuse.
The use of hospital data for more general surveillance has been uncommon. A 2004 analysis linked child protection data with diagnostic data from emergency departments and hospital admissions. 8 The analysis identifi ed 12% more cases of maltreatment than child protection data alone. Nonetheless, the authors concluded that the method was of only marginal benefi t, and could not be justifi ed as an ongoing model because of the limited subset of additional cases, methodological complexity and expense. More recently, it has been proposed that population surveillance may be feasible if based on a wider range of codes "suggestive" of child maltreatment. 9 Researchers identifi ed 68 ICD-9-CM codes which, when restricted by age bounds, were estimated to have a greater than 66% likelihood of being the result of child maltreatment. In WA, hospital maltreatment and assault codes have been validated by linkage with child protection data. 10 10 The authors of this study subsequently reported long-term trends in child maltreatment and assault. 11 11 WA hospital data were also used in a comparison of trends in maltreatment in six countries. 12 12 A further variation in approach involved systematically identifying ICD-10-AM hospital inpatient codes "indicative" of child maltreatment. 13 13 This approach included separate codes for four types of maltreatment -physical abuse, sexual abuse, emotional abuse and neglect. The application of these codes included a fi lter for specifi ed perpetrator categories that may be recorded within admission codes.
We recently reported trends in notifi cations and substantiated cases of child maltreatment for the NT using child protection data for 1999 to 2010. 14 14 Through this period of legislative
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change, service expansion and continued media attention, the rate of substantiated cases of maltreatment increased by 18% per year among Aboriginal children, while there was no evidence of increase among nonAboriginal children. Despite the increase in substantiated cases, we were unable to identify whether there had been a change in the underlying rates of maltreatment in the population. The aim of this study was to investigate trends in child maltreatment among NT Aboriginal and non-Aboriginal children using a different data source -hospital admissions.
Methods

Data sources
We used the NT hospital separations dataset (HSD), which contains data (with coded diagnoses and procedures) for inpatient episodes for all fi ve NT public hospitals. Data from the one private hospital in the NT were not available. The research dataset contained de-identifi ed demographic information and up to 10 admission codes for all children aged 0-17 years admitted between 1993 and 2010. Demographic information included a unique identifi cation number for each child. Rates were calculated using population data (by year, sex, 5-year age-group and Indigenous status), provided by the Health Gains Planning Branch of the NT Department of Health, based on Australian Bureau of Statistics estimates. 15 15 Identifi cation and classifi cation of abuse-related episodes Hospital admissions were coded using the ICD-9-CM until June 1998 and then ICD-10-AM from July 1998 onwards. Analysis was undertaken using both the defi nitive codes for maltreatment (ICD-10-AM codes T74.0, Y06 and Y07 and ICD-9-CM codes 9955, E9684 and E967) and indicative codes proposed by McKenzie and Scott (Appendix; online at mja.com.au). 13 13 Mapping of ICD-9-CM to ICD-10-AM codes was possible for defi nitive maltreatment codes; 16 16 however, there was an anomalous surge in ICD-9-CM coded episodes after 1996 which was consistent with a systematic change in coding practice. There was greater diffi culty mapping the indicative codes, with one-to-many mapping of the indicative codes between ICD versions. As a result of these inconsistencies, the fi nal analysis was restricted to the 12-year period from 1 January 1999 to 31 December 2010. Interstate residents, patients with no diagnostic information and "statistical discharges" were excluded. A statistical discharge indicates a change in the type of care during a single admission in the same hospital.
A number of changes were necessary to the approach of McKenzie and Scott. 13 13 Supplemental codes for perpetrators were introduced for external cause codes (ICD-10-AM codes X85-Y09) in 2002, after commencement of the study period, and were therefore not used in the general analysis. McKenzie and Scott also included two procedure codes which were not included in this analysis. There were no recorded episodes of physical abuse counselling (9608400) in the NT HSD, while the small number of full-body radiography procedures (5830600) not already identifi ed using an admission code for child maltreatment were commonly associated with conditions such as the assessment of cancer or genetic conditions. Repeat admissions of a child for the same incident, including interhospital transfers, were identifi ed using separation mode, date of separation and admission codes. These admissions were then analysed as a single event based on details provided for the fi rst admission.
Analysis
The incidence rates for all maltreatment-related hospitalisation episodes were calculated by Indigenous status for the age-group 0-17 years combined; a subanalysis for physical abuse-related hospitalisations included sex and age-specifi c (0-12 and 13-17 years) rates. Poisson regression was used to estimate the incidence rate ratio for the annual increase in rates by calendar year. 
Results
The study dataset contained information on 150 962 public hospital admissions, from 1999 to 2010. Analysis was undertaken on 140 646 records after excluding 6857 interstate residents, 90 patients with no diagnostic information and 3369 statistical discharges. There was an overlap between types of maltreatment, with some children being diagnosed on the same admission with more than one type of maltreatment. Physical abuse was reported for about 85% of admissions for maltreatment among both Aboriginal and non-Aboriginal children (Box 1). The hospitalisation rate for Aboriginal children was almost fi ve times the rate for non-Aboriginal children; rates increased for both groups between 1999 and 2010 (by 4% and 6% per year, respectively). The increase for Aboriginal children was statistically signifi cant. For the group of non-specifi c indicative codes ("other"), including emotional abuse, the hospitalisation rate decreased by 14% per year for Aboriginal children and 17% per year for nonAboriginal children. The decrease for Aboriginal children was statistically signifi cant (but may refl ect a shift in coding practice toward more specifi c codes).
The hospitalisation rate for conditions indicative of physical abuse was much higher for older children than younger children among both Aboriginal and non-Aboriginal children (Box 2). For non-Aboriginal children, the hospitalisation rate was 2-3 times as high for boys compared with girls in both age groups. Among Aboriginal children, the rates were similar for boys and girls aged 0-12 years, but higher for girls than boys among those aged 13-17 years, and increased for both older groups. The rate among older Aboriginal girls was 13.5 times the rate among older nonAboriginal girls (Box 2).
Perpetrators
The available data with perpetrator codes, for 2003-2010, showed that among younger children, both Aboriginal and non-Aboriginal, most perpetrators were family members (Box 3). For most older children, a perpetrator was not specifi ed. One notable difference among older children was that a spouse or partner was recorded as the perpetrator for 18% of Aboriginal children but only 1% of non-Aboriginal children.
Discussion
Our study shows the utility of hospital admissions data for population surveillance of child maltreatment. A direct comparison can be made between the results in this study and the results of our previous trend analysis, for the same period and same population, using child protection data. 14 14 Among NT non-Aboriginal children there was a signifi cant increase in notifi cations of possible maltreatment between 1999 and 2010, but both child protection substantiations and hospital admissions data suggest that the underlying level of child maltreatment has remained stable. Among Aboriginal children, the comparison of child protection and hospital data is more complex. Between 1999 and 2010, notifi cations to child protection authorities increased for all types of maltreatment, with an overall annual increase of 21%. This was matched by an annual increase of 18% in rates of substantiated cases. Numbers of cases also increased by type of maltreatment, except for physical abuse. 14 14 The current study shows no increase in defi nitive codes and a 3% annual increase using the indicative codes, of uncertain signifi cance. The difference in trends between data sources supports the argument that the increases in substantiated cases were a result of factors including improved identifi cation, changes in policy and increased capacity in child protection services. The judgement by a clinician that a hospital admission was maltreatmentrelated involves a level of subjectivity, but the results suggest that clinical reporting practice did not change substantially over time. Among older Aboriginal children, there was an increase in admission rates for physical abuse. Of particular concern was the violence against older Aboriginal girls, who had the highest rate of hospital admission for physical abuse among all groups, which was 13.5 times the rate for older nonAboriginal girls. Perpetrator coding was available for more recent years; and while for most admissions the perpetrator was not specifi ed, those that were specifi ed suggest that the violence against older children extended beyond the historical defi nition of maltreatment (involving only parents and caregivers) to violence within the broader community, including from peers and partners. The results are consistent with previous reports on interpersonal violence that have highlighted the increased risk among Aboriginal children and women. 17-20 17-20 The study results also support a more general application. In WA, a maltreatment admissions rate of 2.7 per 10 000 children was reported for 1999, falling to 1.3 per 10 000 children in 2005. 11 11 The WA rate in 2005 is consistent with the rate of 0.91 per 10 000 for non-Aboriginal NT children reported in this study. The WA rate of assault-related hospitalisation was 6.1 per 10 000 children in 2005, 11 11 while for NT non-Aboriginal children in our study the average annual rate for physical abuse was 4.5 per 10 000 children. There are variations in the methods, populations and the time periods between studies; however, the similarity of results indicates that hospital admissions may provide a more consistent basis for comparison between Australian states and territories than the current reliance on child protection reports.
Whether based on child protection sources or hospital admissions, child maltreatment rates are only indicators of the prevalence of child maltreatment in a community. Hospital admissions data have the further limitation of only containing a subset of more severe episodes of maltreatment. In particular, emotional abuse is a rare hospital diagnosis, but is commonly reported in child protection data. A second limitation is that reporting is entirely dependent on clinical records. Defi nitive codes have the requirement that they can only be applied if there is a clear statement within the clinical record that the episode is a consequence of maltreatment. Clinicians may be suspicious, but not certain, so an episode can pass without a defi nitive record. Despite recommendations for developing classifi cations, there is currently no diagnosis code for "possible" maltreatment. 9,21 9,21 As a result of not being able to use perpetrator codes for the general analysis in this study, there will be an overestimate of maltreatment-related admissions. However, the study shows a converse diffi culty that, even when available, the perpetrator code was not specifi ed in a substantial proportion of admissions.
This study demonstrates that hospital admissions data can provide an additional source for surveillance of child maltreatment in a population. The use of hospital data is particularly useful among younger children where there is a clearer association with family-related incidents. In this study, the stable rate of maltreatment-related admissions in younger Aboriginal children was in contrast to the increase in substantiated cases reported by child protection services. 14 14 For older children the codes indicative of maltreatment overlap with incidents within the wider community. The extent of violence and overlap of family and community incidents lends support to the calls for a broad population strategy, with focus on prevention, to protect vulnerable children. 21,22 21,22 
